The bactericidal effects of chloramphenicol and three ,B-lactams (ampicillin, cefamandole, and penicillin G) were measured for 27 strains of Haemophilus influenzae type b isolated from the blood or cerebrospinal fluid of infected infants. Of the ampicillin-susceptible strains, 75% were killed by <2.0 ,ug of each antibiotic per ml; however, the concentration of the 1-lactam agents required for bactericidal activity was higher than that required for inhibitory activity. Chloramphenicol was the only agent which had no marked discrepancy between inhibitory and bactericidal concentrations regardless of P-lactamase production. Importantly, chloramphenicol was more rapidly bactericidal than either ampicillin or cefamandole. The bactericidal requirement of ampicillin was increased by the presence of chloramphenicol for about one-third of the isolates examined. Neither the inhibitory nor the bactericidal activity of chloramphenicol was influenced by ampicillin. Synergy occurred for only two P-lactamase-positive isolates. The more rapid bactericidal action of chloramphenicol persisted even in the presence of ampicillin. The rapid bactericidal action of chloramphenicol with or without ampicillin supports the use of chloramphenicol alone or with ampicillin for H. influenzae infections.
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Determination of the optimal therapy for Haemophilus influenzae meningitis remains a problem. There is confusion in the clinical literature as to the relative efficacy of various regimens (1, 6, 8-10, 13, 14, 19-21) . At present, the combination of chloramphenicol and ampicillin is recommended as the initial therapy for suspected H. influenzae meningitis (5) . Consequently, under- standing the combined effects of chloramphenicol plus ampicillin against H. influenzae is of importance.
Although many in vitro studies of these two agents have been reported, these findings are also inconsistent. Antagonism between ampicillin and chloramphenicol against H. influenzae strains occurred in studies of bactericidal activity reported by McBryde et al. (15) and MacKenzie (11) . In contrast, Feldman (7) failed to demonstrate antagonism of inhibitory activity and showed synergism for some strains. Cole et al. (4) observed no mutual antagonism after a short incubation of ampicillin with chloramphenicol; however, in their study, the concentration of both drugs was at or below the minimal inhibitory concentration (MIC). Also working at or below inhibitory concentrations of chloramphenicol, Rocco and Overturf reported that chloramphenicol inhibits the bactericidal effect of ampicillin (18) .
The apparently contradictory nature of these studies may have resulted from using different endpoints, i.e., bactericidal (11, 15) , inhibitory (7) , or reduction in viability at antibiotic concentrations which were less than bactericidal (4, 18) . Moreover, the bactericidal rate of these agents alone and in combination has not been systematically evaluated.
To resolve some of these contradictory findings, we examined the gravimetric requirements and the rate of bactericidal action of penicillins (penicillin G and ampicillin), a cephalosporin (cefamandole), chloramphenicol, and chloramphenicol plus ampicillin. We studied 27 H. influenzae type b strains from the blood or cerebrospinal fluid of infected infants. Chloramphenicol had a rapid bactericidal activity which was superior to that of either ampicillin or cefamandole. The action of chloramphenicol was independent of 1-lactamase production by H. influenzae.
Although chloramphenicol may interfere with the bactericidal activity of ampicillin, such interference may be inconsequential. In our experiments, the bactericidal action of chloramphenicol and its rapidity were predominant. -12.5 ,u.g/ml) were tested for Plactamase production by the rapid chromogenic cephalosporin method (22) . Each assay contained a known positive and negative control previously determined in our laboratory. The isolated organisms were suspended in skim milk and stored at -70°C for future use.
Inoculum. Mueller-Hinton broth with 1% supplement C (Difco) was used. The lots of supplement C did not produce spurious P-lactam resistance, as may occur (23) . The ampicillin-resistant strains all produced 3-lactamase (see above). The remaining strains were all ampicillin susceptible (see Table 1 ). Frozen samples of each organism were thawed, inoculated into the broth, and incubated overnight at 37°C in 5% CO2. The Chloramphenicol had equal activity against both ampicillin-susceptible and ampicillin-resistant strains. In contrast to the other agents, chloramphenicol had a similar concentration requirement for inhibitory and bactericidal activity; this requirement was present regardless of whether the strain produced 3-lactamase.
Synergy between chloramphenicol and ampicillin (for either inhibitory or bactericidal activity) was not observed for ampicillin-susceptible strains. Only two isolates, both of which produced 3-lactamase, exhibited synergy when an inhibitory endpoint was used. Even in the presence of chloramphenicol, the ampicillin requirement of these two ,B-lactamase-producing strains was 12.5 and 25 ,ug/ml. Ampicillin-chloramphenicol synergy occurred only when an inhibitory endpoint was used; bactericidal activity was not improved in any instance.
No mutual antagonism was observed with any of the strains; we therefore examined the independent activity of each antibiotic in the combination to determine whether one agent produced interference with the other (i.e., unidirectional interference). The bactericidal requirement of ampicillin was increased by the presence of chloramphenicol for about one-third of the isolates examined and occurred in both 1-lactamase-negative and -positive strains ( Table 2 ). The inhibitory activity of ampicillin was not altered by chloramphenicol. The ampicillin- behavior in combination can be better understood, and apparent contradictions present in the literature can be explained (4, 7, 11, 15) . Chloramphenicol has bactericidal activity against H. influenzae (2, 17) . Against ampicillinsusceptible strains of H. influenzae, the bactericidal requirements of all four agents were similar (Table 1 and reference 2). ,B-Lactamase-positive and -negative isolates were equally susceptible to chloramphenicol.
The relative rates of bactericidal activity for ampicillin and chloramphenicol against H. influenzae have not been closely examined previously. Chloramphenicol was more rapidly bactericidal than ampicillin against H. influenzae (Table 3) . Chloramphenicol alone or in combination with ampicillin produced a significantly greater reduction of bacterial viability after 6 and 8 h as compared with ampicillin or cefamandole alone (Table 3) . Additionally, only the addition of chloramphenicol reliably sterilized all cultures. The presence of ampicillin did not impede the rapid bactericidal effects of chloramphenicol (Table 3 ). The ampicillin-chloramphenicol combination was as effective as the more effective single agent, chloramphenicol.
Ampicillin-chloramphenicol synergy was infrequent and occurred only with ,B-lactamasepositive strains. However, even in these few instances, the ampicillin requirement (12.5 to 25 pug/ml) remained too great for it to be useful clinically for treatment of infections due to Plactamase-positive isolates.
The interference between chloramphenicol and ampicillin was unidirectional and influenced bactericidal activity of ampicillin only (Table 2) . Chloramphenicol increased the ampicillin MBC requirement by at least fourfold for 8 of 26 strains tested. Since ampicillin did not interfere with chloramphenicol activity, no mutual antagonism between chloramphenicol and ampicillin was observed. These findings are consistent with those recently reported by Rocco and Overturf (18) .
Some earlier observers of this phenomenon of unilateral interference described it as antagonism (11, 15) . Other workers who refuted the existence of antagonism required that mutual interference between the two agents be exhibited (4, 7) . Thus, the apparent conflict in the earlier literature about ampicillin-chloramphenicol antagonism depends on whether mutual interference was required. In short, chloramphenicol interfered with ampicillin, but ampicillin did not interfere with chloramphenicol.
When chloramphenicol and ampicillin were used together, chloramphenicol increased the ampicillin MBC requirement for certain H. influenzae strains. However, the more rapid bactericidal action of chloramphenicol remained dominant even with these strains. The more rapid action of chloramphenicol should override a possible adverse effect on the ampicillin MBC requirement.
The previous failure to demonstrate an adverse interaction of chloramphenicol with ampicillin occurred under experimental conditions in which bactericidal activity was not measured (7) . An additional difficulty in the Feldman study (7) may have been the use of microtiter plates for incubations; in our study, microbroth dilution tests of H. influenzae did not give results consistent with those from macrobroth dilution tests (data not shown).
In other experiments (4) , attempts were made to measure bactericidal activity with antibiotic concentrations at or below the MIC; evaluations were performed very early in the incubation period, when a reduction of less than 2 log10 in live bacteria had taken place. In our experiments, using antibiotic concentrations that were bactericidal, differences in ampicillin and chloramphenicol activity were evident after 6 h (Table 3). The failure of some interactions to meet strict criteria for mutual antagonism may also explain why interference was not reported until recently. The lack of ampicillin effect on chloramphenicol may relate to the more rapid action of chloramphenicol. 
